One hundred and eleven patients with signs and symptoms of carpal scaphoid injury, but with no fracture visible on X-ray, underwent bone scintigraphy of the wrists. The first 42 patients were re-X-rayed 10 days after injury: bone scanning had identified all fractures confirmed on this X-ray; there were no false negative bone scans.
INTRODUCTION
Fractures of the scaphoid are the most common carpal injuries. (Dunn, 1972; Southcott & Rosman, 1977) . Radiographs obtained shortly after trauma may not reveal the fracture (Mack et al., 1984; Leslie & Dickinson, 1981) . Early recognition and immobilization is important to avoid pseudoarthrosis at the fracture site or avascular necrosis of the proximal fragment. To avoid these sequelae, it is accepted that, where there is anatomical snuff-box tenderness after trauma to the wrist, the wrist should be immobilised in plaster of Paris for 10 days. The plaster is then removed and the wrist examined and re-X-rayed. Only if there is neither clinical nor radiological evidence of scaphoid injury is the wrist then mobilised. Inevitably, many patients are immobilized unnecessarily.
A. W. Wilson et al.
Several authors have shown that bone scintigraphy (BS) is a valuable supplementary examination in the assessment of bone trauma. (Fordham & Ramachandran, 1979; Batillas et al., 1981; Rosenthal et al., 1976; Marty et al., 1976) . In particular, there have been many reports of the usefulness of BS in the management of fractures of the scaphoid (O'Carroll et al., 1982; Stordahl et al., 1984; Rolfe et al., 1981; Nielson et al., 1983; Ganel et al., 1979) .
Matin (1979) showed that 95% of all scaphoid fractures were visible on BS 72 hours after injury, irrespective of X-ray appearances. This study was not primarily to assess the accuracy but the practicality of scanning all X-ray-negative potential scaphoid fractures in a busy accident unit. We also compared scanning with X-ray results in a smaller group of patients and evaluated the role of BS in preventing unnecessary immobilization.
METHOD
Seventy-three men and 38 women (mean age of 36 years) presented to the Accident Unit with a history of trauma to the wrist. All had tenderness in the anatomical snuff box. No fractures were seen on routine antero-posterior, lateral and oblique X-rays of the wrist (Russe, 1960) . Pain on telescoping the ipsilateral first metacarpal was assessed in 68 patients. All patients were immobilised in plaster from below the elbow to the interphalangeal joint of the thumb. BS was performed within the first 10 days of presentation in most cases, avoiding the first 24 hours. Potentially pregnant women were excluded. Three hours after an intravenous injection of 500 MBq of 9 m Technetium-labelled methyl-diphosphonate, the patients were scanned with a 37 tube Gamma camera. Both wrists were placed together on the camera face to maximize resolution. The uninjured wrist acted as the normal anatomical control for each individual and also as an indicator of bilateral pre-existing bone disease. The plaster was not removed, and as lateral views did not contribute to interpretation, only palmer views were performed.
The whole body radiation count for BS is 1 milligray and 0 04 milligrays for a chest X-ray. The bone marrow dosage for chest X-ray is 0 03 milligrays and 4 0 milligrays for BS. Bone scans were interpreted according to previously defined criteria (Sy et al., 1977) . Abnormal scans were diagnosed when asymmetry between hands or between a focal area and adjacent bones occurred. If abnormal focal uptake was found, it was related to the corresponding carpal bone. The scaphoid was localized on the bone scan by constructing lines between the midpoint of the distal radial articular surface and the junction of the second and third metacarpal bases, and between the ulnar styloid and the base of the first metacarpal (see Fig. 1 ).
The first 42 patients in the series also had follow up X-rays at 10 days.
The scans were reported by a clinical anatomist with a special interest in this area and an accident unit surgeon jointly. The X-rays were reported by one radiologist. All patients with increased focal uptake over the scaphoid or distal radius remained in plaster and were referred to the fracture clinic. Patients without focal uptake over the scaphoid or radius were taken out of plaster and mobilised. Those with increased generalised uptake were treated as sprains and given double Tubigrip bandaging and referred for physiotherapy. Other bone injury was treated appropriately.
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RESULTS
One hundred and eleven patients with initially normal scaphoid X-rays were scanned. Twenty-nine of these (26%) had increased uptake consistent with scaphoid fracture. Other wrist injuries were seen in 65 patients (60%). Nineteen patients (17%) also had injuries to one or more other carpal bones. Five patients (4 5%) had areas of increased uptake consistent with arthritis but this did not hamper interpretation. Generalised increased uptake was seen in 62 patients and was seen with equal frequency from 1 to 60 days after injury. Table 1 lists sites of injuries seen on BS.
On the contralateral hand, injuries to the distal radius, first, third and fourth metacarpals, triquetral, and lunate were seen. In 11 patients (10%), increased generalised uptake alone was found. Only 5 patients (4 5%) had completely normal scans. Sixty-seven patients (60%) were mobilised immediately after scanning and none of these was subsequently shown to have a fracture. The first 42 patients received follow up X-rays at 10 days. In only two of these was a confident diagnosis of scaphoid fracture made. Both were confirmed on BS. Radiological signs, consistent with but not diagnostic of a fracture, were reported in seven cases. None of these had abnormal scaphoid scans and none went on to become X-ray positive. The remaining 33 patients were reported as normal on the 10-day X-ray but six of them had increased uptake over the scaphoid on BS. This was in agreement with the findings of other investigators (O'Carroll et al., 1982; Stordahl et al., 1984; Rolfe et al., 1981; Nielson et al., 1983; Ganel et al., 1979) .
The results of the assessment of the metacarpal telescoping sign in 68 patients are shown in Table 2 . group.bmj.com DISCUSSION One hundred and eleven patients with X-ray-negative potential scaphoid injuries were scanned. Scanning was avoided within 24 hours of the injury because of reports that acute generalised uptake may mask a fracture (Matin, 1979) . No difficulty was found in interpreting the scans after the first day, though generalised uptake was present up to 60 days after injury, suggesting prolonged hyperaemia presumably relating to the magnitude of the injury. Sixty-seven patients (60%) were safely mobilized on the same day as the scan and were saved unnecessary immobilization and the potential prospect of prolonged physiotherapy. We confirm the accuracy of a negative bone scane as a screening tool. In the presence of a negative bone scan, the clinician may confidently mobilize the patient despite prolonged snuff-box tenderness. All such patients were reviewed by clinical examination between 1 and 3 weeks and, in each case, the tenderness has resolved completely. Those patients who remained in plaster for 6 weeks avoided plaster removal at 10 days. The inevitable wrist manipulation during physical and X-ray examination is an action which may, in itself, contribute to scaphoid non-union. This is avoided.
The cost of bone scanning has been assessed and found to be as much as four times that of X-rays (Bretland) , although a less detailed analysis in our own department found the cost to be much less. This cost is offset by the fact that bone scanning avoids the inconvenience, to patient and staff alike, of multiple visits involving an initial examination, the removal of the plaster, a repeat examination, then a repeat X-ray followed by the application of a new plaster and a plaster check the following day.
The metacarpal telescoping sign is not specific for scaphoid injury, and has been shown to be misleading. It should be discontinued. In no case where there was 'a suspicion of a fracture' on X-ray was a scaphoid injury seen on bone scan. Unless the radiologist can be certain of a fracture, the X-ray may be misleading.
Unlike the clinical and radiological signs, scaphoid injuries are simpler to diagnose on bone scan. Unfortunately, false positives may occur. Increased focal uptake may be caused not only by a fracture but also by what are presumed to be subperiosteal haematomata or ligamentous tears. There is no in vivo method of distinguishing between them. There is also an incidence of scaphoid non-union despite proper immobilization, and so it seems wholly justified in treating any focal increased uptake over the scaphoid as a fracture from the outset. Such patients should be X-rayed at 6 weeks rather than at 10-day intervals.
Bone scintigraphy revealed multiple carpal injuries in 21 cases. This is contrary to the popular notion that simple fractures occur only at one site. It is, therefore, important to search for occult fractures even in the presence of another obvious carpal bone injury.
Scaphoid injuries were noted in three people with unfused epiphyses. This confirms other reports that the injury does occur in the young and that separate specific foci of uptake are easily visible on bone scan (Green et al., 1984; Onuba & Ireland, 1983) .
CONCLUSION

